Multiphase flow meters are widely used in nuclear, petroleum and chemical industries. 
Introduction
Multiphase flow consists of several chemically immiscible materials [2, 4] It is usually suggested that the pressure profile across the flowmeter would be in close proximity to the one for single phase, i.e. the flow is assumed to be homogeneous there. The flow morphology however is strongly dependent on the interphase transfer of mass, momentum and energy, especially for flow channels of complex configuration, which results in non-uniform relative distribution of phases in space [9] , flow regime change due to increase in difference between gas and liquid velocities (slip ratio) (Kuo and Wallis, 1988) . This leads to formation of the pressure profile that is significantly different from the one for the single phase. The pressure drop in vertical and horizontal multiphase flowmeters has been studied extensively [1, 8, 11, 14] . tions. An extensive experimental study has been performed by Lupeau et al. (2007) working with the two-phase flow in vertical flowmeter. The correspondence between the pressure drop measurements and the flow morphology is clarified and discussed on the paper. Although quantification of wall liquid film thickness for different flow regimes has been done, the paper lacks information on velocity and volume fraction profiles at the core of the flow and generally does not consider structure of the flow inside the device. This information is hardly extractable by means of experiment so the numerical modelling is gradually employed nowadays [9, 12, 16] . Lupeau et al. 
Model Description
The turbulent flow of two phases is modelled with the multiphase mixture model [15, 17] . The model, constructed in the commercial CFD-package STAR-CCM+, assumes that the flow of both phases can be described by the set of Navier-Stokes equations for the viscous flow. The continuity equation reads separately for each phase:
where k = l for liquid and k = g for gas denote the phase, ρ is the phase density and u is the velocity assumed to be equal for each phase within the computational cell. The conservation of the phase volume is accounted for by:
where φ is the volume fraction.
The homogeneous two-phase mixture with the phases at volume fractions φ and φ is assumed to exist within the computational cell in a way the molecular properties of the mixture are given by:
where ρ =1000 kg/m 3 , μ =0.001 Pa ⋅ s and μ = 1.86 ⋅ 10 −5 Pas.
The conservation of momentum is considered for the mixture:
where p is the pressure, μ and μ are molecular and turbulent viscosity, f is the capillary force calculated as follows:
The turbulent viscosity concept is used to account for the turbulent behaviour of the flow. The parameter is set to be proportional to the turbulent kinetic energy k and the rate of the energy dissipation ε (see, for example, [3] ): Two transport equations for k and ε are given below: The geometry is discretized by 1100000 regular control volumes with the average size of 1 mm; the mesh is presented in Figure 1 . The mesh-independence study was performed for the present mesh with respect to the computational cell reduction to 0.5 mm and increase to 2 mm. Following average differences in the profiles of main flow parameters (pressure, velocity, volume fraction) were observed: 2.6% for 0.5-mm vs. 1-mm and 5% for 2-mm vs. 1-mm. The present computational was therefore considered to be the most optimal from the accuracy and computational costs point of view.
Equations 1-10 were discretized spatially on the computational mesh using the upwind scheme. Euler implicit technique was used for the temporal discretization with the time 10 ms time step. The numerical solutions was based on SIMPLE [13] . where F is the volume flow rate of each phase. The volume flow rates were selected for three different flow regimes in a manner providing notable variation of the interphase slip velocity and the volume fraction of phases.
Water phase is assumed being segregated at the bottom the horizontal pipeline.
The corresponding cross-section of the pipe occupied by the water was equal to the average volume fraction of water from Table 1 . As it is presented in Figure 1 , segments of water layer with the high of 90, 55 and 7 mm for regimes 1-3 were set. to 10% is however observed at the inlet part of the horizontal pipeline due to the lift of the water droplets in the entrance bend.
Results and Discussion
Time-average contours of the flow velocity magnitude are presented in Figure 4 for the midline cross-section of the system, regime 1-3. It generally follows from the The intensive swirl motion is responsible for the non-uniformities in the flow velocity magnitude there; the maximum of the velocity is then shifted to the blind-T region while the entire flow velocity magnitude is increased due to contraction. The intensive mixing within the central part of the flowmeter is responsible for flow homogenisation in the diffuser region. The flow velocity profile is however slightly non-uniform in the diffuser due to the inertia of the flow so the maximum velocity region from the throat is transferred into the diffuser.
The volume fraction and velocity profiles are given for regime 3 in Figure 7A -G.
The flow is mostly homogeneous all over the flowmeter. The flow velocity profile is uniform for the confuzor part which accelerates the flow and increases the velocity magnitude in the throat of the flowmeter. The velocity profile there becomes nonuniform due to the reflection of the main flow from the confuzor wall which is associated with the blind-T that was illustrated in Figure 3 . This non-uniformity is transferred into the diffuser zone.
Conclusions
The numerical study of the two-phase flow in the vertical flowmeter nozzle has been 
